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                \begin{document}$K\geq1$\end{document}$, then *f* is a *K*-quasiconformal mapping, where $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$f_{z} = \frac{1}{2} ( f_{x} -if_{y} ) \quad \mbox{and}\quad f _{\overline{z}} = \frac{1}{2} ( f_{x} +if_{y} ), $$\end{document}$$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$D_{f}$\end{document}$ is called the dilatation of *f*.

In 1956 Beurling and Alhfors solved the boundary value problem for quasiconformal mappings \[[@CR1]\]. If $\documentclass[12pt]{minimal}
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                \begin{document}$\mathbb {H}$\end{document}$ denotes the upper half-plane. The mapping *f* is called the Beurling-Alhfors extension of *h*. In particular *f* satisfies (see \[[@CR2]\]) $$\documentclass[12pt]{minimal}
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                \begin{document}$J_{f}$\end{document}$ denotes the Jacobian of *f* and $\documentclass[12pt]{minimal}
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                \begin{document}$$\frac{A_{\mathcal{H}}(E)}{C}\leq A_{\mathcal{H}}\bigl(f(E)\bigr) \leq C A_{ \mathcal{H}}(E), $$\end{document}$$ where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$A_{\mathcal{H}}(\cdot)$\end{document}$ denotes the hyperbolic area in the half-plane $\documentclass[12pt]{minimal}
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In 1994 Astala \[[@CR3]\] proved that if *f* is a *K*-quasiconformal mapping from the unit disk $\documentclass[12pt]{minimal}
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                \begin{document}$f(0)=0$\end{document}$, and if *E* is any measurable subset of the unit disk, then $\documentclass[12pt]{minimal}
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In 1998 Reséndis and Porter \[[@CR4]\] obtained some results about area distortion under quasiconformal mappings on the unit disk $\documentclass[12pt]{minimal}
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                \begin{document}$\mathbb {D}$\end{document}$ onto itself with respect to the hyperbolic measure. They also showed the existence of explodable sets; this kind of sets has bounded hyperbolic area, but under a specific quasiconformal mapping its image has infinite hyperbolic area.

In recent years harmonic quasiconformal mappings have been extensively studied, see \[[@CR5]--[@CR9]\] and the papers cited therein. The following two recent results are very close to the results presented in this paper.

In 2007 Knežević and Mateljević \[[@CR10]\] proved the following Schwarz-Pick type distortion theorem.

Theorem 1 {#FPar1}
---------

*Let* *f* *be a* *K*-*quasiconformal harmonic mapping from the unit disk* $\documentclass[12pt]{minimal}
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                \begin{document}$$\frac{1}{1+k}\frac{1-\vert f(z)\vert ^{2}}{1-\vert z\vert ^{2}}\leq\bigl\vert f_{z}(z)\bigr\vert \leq \frac{1}{1-k}\frac{1-\vert f(z)\vert ^{2}}{1-\vert z\vert ^{2}}, $$\end{document}$$ *where* *k* *is defined by* $\documentclass[12pt]{minimal}
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                \begin{document}$k:=\frac{K-1}{K+1}$\end{document}$.

In 2012 Min Chen and Xingdi Chen \[[@CR11]\] studied the class of $\documentclass[12pt]{minimal}
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                \begin{document}$\mathbb {H}$\end{document}$ onto itself, and they obtained the following result about area distortion of harmonic mappings.

Theorem 2 {#FPar2}
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In this paper we use the following hyperbolic density definitions: $$\documentclass[12pt]{minimal}
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Results and discussion {#Sec2}
======================

Our purpose in this article is to continue the study of the hyperbolic area distortion under *K*-quasiconformal mappings from the upper half-plane $\documentclass[12pt]{minimal}
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Additionally, we generalize even more the class studied by Chen and Chen in \[[@CR11]\]. More precisely, the main result of this paper is the following.

Theorem 3 {#FPar3}
---------

*Let* *f* *be a* *K*-*quasiconformal mapping from* $\documentclass[12pt]{minimal}
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Additionally, we obtain some results about radial and angular quasiconformal mappings. Motivated by the generalization mentioned above, we finally describe a set that contains the region of values of the partial derivatives of *K*-quasiconformal mappings.

Harmonic quasiconformal mappings {#Sec3}
--------------------------------

In this part we use Theorem [1](#FPar1){ref-type="sec"} to estimate the hyperbolic area distortion under quasiconformal harmonic mappings from the unit disk onto itself and analyze the hyperbolic and Euclidean area distortion under quasiconformal mappings $\documentclass[12pt]{minimal}
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### Theorem 4 {#FPar4}

*Let* *f* *be a* *K*-*quasiconformal harmonic mapping from the unit disk* $\documentclass[12pt]{minimal}
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### Proof {#FPar5}
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### Theorem 5 {#FPar6}
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We now generalize the class studied by Cheng and Chen (see \[[@CR11]\]) in two directions. First, we will show that it is possible to avoid the harmonic hypothesis, and second, we will prove that the class of *K*-quasiconformal mappings given by $\documentclass[12pt]{minimal}
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### Theorem 6 {#FPar9}
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We can combine the previous result with items (iii) and (iv) of Theorem [2](#FPar2){ref-type="sec"} to obtain the following result.

### Corollary 1 {#FPar10}
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### Proof {#FPar11}
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The last corollary shows that these estimations are asymptotically sharp when $\documentclass[12pt]{minimal}
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### Theorem 7 {#FPar12}
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### Proof {#FPar13}
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Now we can extend even more the result obtained by Min Chen and Xindy Chen \[[@CR11]\].

### Theorem 8 {#FPar14}
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### Proof {#FPar15}
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On the other hand, for the hyperbolic area only, we see that from ([15](#Equ15){ref-type=""}) it follows $$\documentclass[12pt]{minimal}
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Now, we can prove Theorem [3](#FPar3){ref-type="sec"}.

### Proof of Theorem [3](#FPar3){ref-type="sec"} {#FPar16}
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### Corollary 2 {#FPar17}

*Let* *f* *be a* *K*-*quasiconformal mapping from* $\documentclass[12pt]{minimal}
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### Proof {#FPar18}

If *v* is differentiable at 0, then from ([15](#Equ15){ref-type=""}) we get $\documentclass[12pt]{minimal}
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The following examples of quasiconformal mappings are not harmonic, thus we are generalizing the results obtained in \[[@CR11]\].

### Example 1 {#FPar19}
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Angular and radial quasiconformal mappings {#Sec5}
------------------------------------------

In this part we obtain the results of area distortion for radial and angular mappings. In the case of angular mappings, we use the hyperbolic model of the unit disk $\documentclass[12pt]{minimal}
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### Proposition 2 {#FPar20}
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A mapping $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$f:\mathbb {H}\to \mathbb {H}$\end{document}$ is said to be radial at $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$x\in \mathbb {R}$\end{document}$ if *f* leaves invariant all Euclidean rays in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\mathbb {H}$\end{document}$ that meet at *x*.
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### Lemma 1 {#FPar21}
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### Proof {#FPar22}
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### Proposition 3 {#FPar23}

*Let* *f* *be a* *K*-*quasiconformal mapping from* $\documentclass[12pt]{minimal}
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### Proof {#FPar24}

We first prove that the function $\documentclass[12pt]{minimal}
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### Theorem 9 {#FPar25}
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### Example 2 {#FPar27}
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### Lemma 2 {#FPar28}
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### Proposition 4 {#FPar30}
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### Corollary 3 {#FPar32}
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### Theorem 10 {#FPar34}

*Let* *f* *be a* *K*-*quasiconformal mapping from* $\documentclass[12pt]{minimal}
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### Proof {#FPar35}

Let $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\mathcal{H}}\bigl(f(E)\bigr)= \iint_{f(E)} \frac{4\,du\,dv}{(1-\vert w\vert ^{2})^{2}}= \iint_{E}\frac{ 4J_{f}\,dx \,dy}{(1-\vert f(z)\vert ^{2})^{2}}= \iint_{\widehat{E}}\frac{ 4 \varphi_{\theta} r \,dr \,d\theta}{(1- r^{2})^{2}}. $$\end{document}$$ By ([22](#Equ22){ref-type=""}) we have $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\frac{1}{K} \iint_{\widehat{E}}\frac{4r \,dr\,d\theta}{(1- r^{2})^{2}} \leq \iint_{\widehat{E}}\frac{ 4\varphi_{\theta} r \,dr \,d\theta }{(1- r^{2})^{2}}\leq K \iint_{\widehat{E}}\frac{4r \,dr\,d\theta}{(1- r ^{2})^{2}} $$\end{document}$$ or equivalently, in rectangular coordinates, $$\documentclass[12pt]{minimal}
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                \begin{document}$$\frac{1}{K} \iint_{E}\frac{ 4\,dx \,dy}{(1-\vert z\vert ^{2})^{2}}\leq A _{\mathcal{H}}\bigl(f(E) \bigr)\leq K \iint_{E}\frac{ 4\,dx \,dy}{(1-\vert z\vert ^{2})^{2}}, $$\end{document}$$ and this concludes the proof. □

### Example 3 {#FPar36}

Let $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$f:\mathbb {D}\to \mathbb {D}$\end{document}$ be a mapping given by $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$f(re^{i\theta})=re^{i \varphi(r,\theta)}$\end{document}$, where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\varphi(r,\theta)= \theta e^{(\theta -2\pi)r}$\end{document}$. Then by ([23](#Equ23){ref-type=""}) $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document} $$\begin{aligned} \frac{\vert f_{z}\vert +\vert f_{\overline{z}}\vert }{\vert f_{z}\vert -\vert f_{\overline{z}}\vert } & \leq\frac{4\vert f_{z}\vert ^{2}}{\vert f_{z}\vert ^{2}-\vert f_{\overline{z}}\vert ^{2}} \\ & =\frac{e ^{2r(\theta-2\pi)}r^{2}\theta^{2}(\theta-2\pi)^{2} +(1+ e^{r( \theta-2\pi)}(1+r\theta))^{2}}{(1+r\theta)e^{r(\theta-2\pi)}} \\ &\leq e^{r(\theta-2\pi)}r^{2}\theta^{2}(\theta-2 \pi)^{2}+\frac{1}{e ^{r(\theta-2\pi)}}+2+(1+r\theta)e^{r(\theta-2\pi)} \\ &\leq\pi^{4}+e^{2\pi r}+2+(1+2\pi) \\ &\leq\pi^{4}+2\pi+3+e^{2\pi}. \end{aligned}$$ \end{document}$$ Then *f* is a $\documentclass[12pt]{minimal}
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The following example shows that the result of Theorem [10](#FPar34){ref-type="sec"} can not be generalized to radial mappings at 0.

### Example 4 {#FPar37}
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                \begin{document}$$A_{\mathcal{H}}(E_{r})=\frac{4\pi r^{2}}{1-r^{2}} , \qquad A_{\mathcal{H}} \bigl(f(E _{r})\bigr)=\frac{4\pi r^{\frac{2}{K}}}{1-r^{\frac{2}{K}}} ,\qquad A_{ \mathcal{H}}\bigl( g(E_{r})\bigr)=\frac{4\pi r^{2K}}{1-r^{2K}}. $$\end{document}$$ Then if $\documentclass[12pt]{minimal}
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                \begin{document}$$A_{\mathcal{H}} \bigl(f(E_{r})\bigr)\leq C A_{\mathcal{H}}(E_{r}) \quad \mbox{or}\quad \frac{ A_{\mathcal{H}}(E_{r})}{C} \leq A_{ \mathcal{H}} \bigl(g(E_{r}) \bigr)\quad \mbox{for all }r\in(0,1). $$\end{document}$$

The Beurling-Ahlfors extension {#Sec6}
------------------------------

Using the Beurling-Ahlfors (BA) extension, we give explicit examples of quasiconformal mappings of the form $\documentclass[12pt]{minimal}
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                \begin{document}$f(x,y)=u(x,y)+iv(x,y)$\end{document}$ and their associated bi-bounds for the hyperbolic area distortion.
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                \begin{document}$$u(x,y)=\frac{1}{2y} \int_{-y}^{y}h(x+t)\,dt,\qquad v(x,y)=\frac{1}{2y} \int_{0}^{y} \bigl( h(x+t)-h(x-t) \bigr)\,dt. $$\end{document}$$
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### Example 5 {#FPar38}
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### Example 6 {#FPar39}
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### Example 7 {#FPar40}
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In a forthcoming paper we study more deeply quasi-isometric properties of the BA extension.

A set that contains the region of values of the partial derivatives of *K*-quasiconformal mappings {#Sec7}
--------------------------------------------------------------------------------------------------

In this part we study some particular forms of the mapping *f* in ([1](#Equ1){ref-type=""}). First, suppose that *f* is a *K*-quasiconformal mapping given by $\documentclass[12pt]{minimal}
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### Theorem 11 {#FPar41}
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                \begin{document}$f(x+iy)=u(x)+iv(y)$\end{document}$, *then its partial derivatives belong to one of the angular regions defined by* ([24](#Equ24){ref-type=""}).

### Proof {#FPar42}

The proof follows from the fact that the Jacobian of *f* is always positive. □
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### Proposition 5 {#FPar43}

*There exists an invertible matrix* *P* *such that* $\documentclass[12pt]{minimal}
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### Proof {#FPar44}
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                \begin{document}$$P= \left( \begin{matrix}{} \frac{1}{\sqrt{2}} & 0 & \frac{1}{\sqrt{2}} \\ 0 & 1 & 0 \\ \frac{1}{\sqrt{2}} & 0 & -\frac{1}{\sqrt{2}} \end{matrix}\right) =P^{-1}. $$\end{document}$$ A simple calculus ends the proof. □

### Corollary 4 {#FPar45}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$Q(x,y,w)\leq0$\end{document}$ *if and only if* $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\widehat{Q}( \widehat{x},\widehat{y},\widehat{w})\leq0$\end{document}$.

The solution of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\widehat{Q}(\widehat{x},\widehat{y},\widehat {w})=0$\end{document}$ is a double cone if $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\alpha>1$\end{document}$. In fact, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\widehat{Q}(\widehat{x}, \widehat{y},\widehat{w})=0$\end{document}$ if and only if $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$(\alpha-1)\widehat{x}^{2}=\widehat{y}^{2}+(1+\alpha) \widehat{w}^{2} $$\end{document}$$ or equivalently $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\widehat{x}^{2}=\frac{\widehat{y}^{2}}{(\alpha-1)}+\frac{(1+\alpha)}{( \alpha-1)} \widehat{w}^{2} $$\end{document}$$ and this is the equation of a double elliptic cone in $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\mathbb {R}^{3}$\end{document}$ in the basis $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\mathcal{B}$\end{document}$.

### Proposition 6 {#FPar46}
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### Proof {#FPar47}

As we saw *f* is *K*-quasiconformal if and only if $\documentclass[12pt]{minimal}
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We consider now the general case, that is, a quasiconformal mapping $\documentclass[12pt]{minimal}
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                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$Q(x,y,z,w)=x^{2}+y^{2}+z ^{2}+w^{2}-2\alpha xw+2\alpha yz$\end{document}$ with the associated symmetric matrix $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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### Proposition 7 {#FPar48}

*There exists an invertible matrix* *P* *such that* $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$P^{-1}NP=D$\end{document}$, *where* $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$D= \left( \begin{matrix}{} 1-\alpha& 0 & 0 & 0 \\ 0 & 1-\alpha& 0 & 0 \\ 0 & 0 & 1+\alpha& 0 \\ 0 & 0 & 0 & 1+\alpha \end{matrix}\right) . $$\end{document}$$

### Proof {#FPar49}

The characteristic polynomial of the matrix *N* is $\documentclass[12pt]{minimal}
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### Corollary 5 {#FPar50}
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### Proof {#FPar51}
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### Proposition 8 {#FPar52}
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Conclusions {#Sec8}
===========

The classes of mappings introduced in this paper have precise geometrical meaning, in particular, the class of quasiconformal mappings $\documentclass[12pt]{minimal}
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                \begin{document}$f(z)=u(x,y) +i v(y)$\end{document}$; see, for example, Proposition [1](#FPar8){ref-type="sec"}.

As it is showed in Theorems [3](#FPar3){ref-type="sec"}, [6](#FPar9){ref-type="sec"}, [8](#FPar14){ref-type="sec"}, [9](#FPar25){ref-type="sec"}, [10](#FPar34){ref-type="sec"} and Corollaries [1](#FPar10){ref-type="sec"} and [2](#FPar17){ref-type="sec"}, we have obtained left and right asymptotic bounds for the hyperbolic or Euclidean area distortion. In some previous results only right bounds were known. Moreover, the examples showed that the different classes of mappings defined in the paper are not empty.

We do not know whether the branch of the elliptic cone ([25](#Equ25){ref-type=""}), mentioned in Proposition [6](#FPar46){ref-type="sec"}, coincides or not with the region of variation of the partial derivatives of quasiconformal mappings $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
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                \begin{document}$f(z)=u(x,y)+iv(y)$\end{document}$.
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The material of this paper belongs to the theory of plane quasiconformal mappings. The omnipresence of double inequalities associated to fundamental facts is well known in this theory, for example:

\(a\) modulus of normalized quasiconformal mappings from the unit disk onto itself;

\(b\) quasi-isometry of the Beurling-Ahlfors extension;

\(c\) bi-Lipschitz inequalities for quasiconformal harmonic mappings; etc.

In this paper we study the hyperbolic or Euclidean area distortion under certain classes of quasiconformal mappings, defined in the upper half-plane or the unit disk. We found left and right bounds for the mentioned distortions. In particular, we are generalizing the results obtained for harmonic quasiconformal mappings from the upper half-plane onto itself (see Chen and Chen $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$(K,K')$\end{document}$ *-quasiconformal harmonic mappings of the upper half plane onto itself* Ann. Aca. Scien. Fen, pp.265-276 (2012)). We also give a straightforward application of a recent result to this topic (see Knežević and Mateljević *On the quasi-isometries of harmonic quasiconformal mappings* Journal of Mathematical Analysis and Applications, pp.404-413 (2007)). Of course the generality of results is very desirable in mathematics; however, some particular cases have their own interest.
